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levels despite increasing doses of levothyroxine. The patient had a history of Graves disease, which had been successfully treated with radioiodine ablation 15 years earlier. Over the past several years, his serum TSH levels had risen to 31.5 (normal 0.4-4.5) mU/L, and the dose of levothyroxine he was prescribed had been in creased to 225 µg per day, or 2.7 (usual recommended dose 1.6) µg/kg daily. The patient's weight was 82 kg, and he did not report any change to his weight. The patient reported feeling well, and his physical exam was unremarkable. His level of free thyroxine was 15.8 (normal 10-25) pmol/L. The patient reported taking his antihypertensive medication (diltiazem) regularly as prescribed, and he was not taking any over-the-counter medications or herbal supplements.
To confirm our patient's adherence to the drugs he had been prescribed, and to exclude impaired bioavailability of the medication, we performed a medically supervised test for the absorption of levothyroxine. The results of the test showed that only 30% of the medication administered was absorbed. We proceeded to rule out levothyroxine maldigestion related to gastric hypochlorhydria.
Laboratory investigations included a biochemistry panel and tests for serum levels of parathyroid hormone, 25-hydroxyvitamin D, ferritin, vitamin B 12 and gastrin, all of which showed normal results. A serological test to determine the presence of Helicobacter pylori was negative, and the patient's parietal cell antibody titers were normal. Given these results, it was unlikely that the patient's treatment-refractory hypothyroidism was related to hypochlorhydria.
In our investigation of intestinal malabsorption, the screening serum test for gluten enteropathy was abnormal; the level of immunoglobulin A antibodies against transglutaminase was 75.4 (negative < 9.0, borderline 9-16, positive > 16.0) units/mL. A subsequent endoscopic biopsy of the patient's bowel was consistent with a diagnosis of celiac disease. The patient was directed to follow a low-gluten diet. The patient's histological abnormalities resolved, and his serum level of TSH normalized with his usual dose of thyroxine (225 µg daily).
Because of the patient's previous Graves disease, we decided to investigate for an autoimmune polyglandular syndrome. Subsequent tests showed elevated antiadrenal and 21-hydroxylase antibodies, suggesting autoimmune adrenalitis. A short intravenous adrenocortico tropic hormone (ACTH) stimulation test was con sistent with diminished adrenal cortisol reserve.
Discussion
Guidelines identify serum TSH as the best marker for assessing the appropriateness of thyroxine dosage. 1 The mean treatment dosage of thyroxine is 1.6 µg/kg daily.
2 Primary hypothyroidism is considered refractory to oral thyroxine substitution when there is biochemical or clinical evidence of hypothyroidism (serum level of TSH above the upper target level, usually 4.5 mU/L following a six-week interval after the dosage was last increased), despite increasing dosages of oral thyroxine beyond 2.5 µg/kg daily. 3 In these circumstances, further increments in the dosage of thyroxine may not always be the most appropriate intervention. In such a situation, physicians need to search for causes of decreased absorption of thyroxine or increased demand for thyroxine (Table 1) . [4] [5] [6] [7] Levothyroxine sodium is the most commonly
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Treatment-refractory hypothyroidism
Abdulaziz Ramadhan MD, Michael Tamilia MD used preparation of thyroid hormone for the treatment of hypothyroidism. Most adults with this condition take 100-125 µg of levothyroxine per day.
2 About 60%-80% of an oral dose of thyroxine is absorbed, both in patients with normal thyroid function and in those with hypothyroidism. 3 Absorption occurs within three to four hours of ingestion and is localized mainly to the jejunum and ileum. 3, 8 Adequate gastric acidity is required to dissolve the salt-based tablet, allowing for intestinal absorption. 4 Approach to treatment-refractory hypothyroidism An approach to treating hypothyroidism refractory to supernormal doses of thyroxine is summarized in Figure 1 . Common causes for treatment -refractory hypothyroidism include poor adherence to therapy and interactions between thyroxine and medication or food.
The absorption of levothyroxine can be affected by the ingestion of certain foods and the timing of meals. 9 Fibre-enriched diets and espres so coffee have been shown to interfere with levothyroxine's absorption. 10, 11 Waiting to eat for at least 60 minutes after taking the tablet may improve absorption of the drug.
Several foods and medications have been shown to alter the bioavailability of levothyroxine. 2, [11] [12] [13] [14] [15] Some of these substances may interfere with absorption, whereas others may result in accelerated metabolism of levothyroxine via the increased activity of cytochrome P450 enzymes and clearance of the drug, leading to higher dose requirements (Box 1).
Poor adherence is the most common cause of failure of thyroxine therapy. 3 Adherence to therapy may be investigated by direct patient report, clinical impression or frequency of refills at the pharmacy. If poor adherence to treatment is suspected, a supervised test for the absorption of orally administered levothyroxine may be helpful 5, 16 Although complications with this test are rare, patients with substantial coronary artery disease should probably be excluded. For patients who have difficulty maintaining regular intake of their thyroid medication, supervised weekly thyroxine replacement (the total weekly dose given once per week) appears to be a safe and well-tolerated option for treatment. 17 Parenteral administration (intramuscular or intravenous) of levothyroxine has also been shown to be useful among patients with poor adherence. 17 Reduced bioavailability A deficient supply of levothyroxine may be related to impaired dissolution of the tablet (maldigestion). A recent study linked reduced intestinal absorption to conditions associated with hypochlorhydria such as proton pump inhibitor therapy, infection with Helicobacter pylori and atrophic gastritis. 7 It is thought that, unlike native lipophilic thyroxine, the levothyroxine sodium salt preparation does not undergo adequate dissolution with gastric hypochlorhydria, remains hydrophilic and is thus unavailable for intestinal absorption. 4 Patients with hypochlorhydria may describe dyspepsia and present with iron or vitamin B 12 deficiency. Diagnostic investigations include tests for serum levels of gastrin and antiparietal cell antibodies, a carbon-14 urea breath test and gastroscopy with biopsy (Table 1) .
Alternatively, inadequate delivery of levothyroxine may be related to intestinal malabsorption. Treatment-refractory hypothyroidism may be the only presenting symptom of a gastrointestinal disorder. Stone and colleagues noted reduced peak serum levels of levothyroxine among patients with shortened bowel, although no consistent relationship was found between the degree of absorption and bowel length. 18 Pre-existing malabsorption conditions such as celiac disease, 5 inflammatory bowel disease and lactose intolerance can reduce bioavailability of levothyroxine. This as sociation appears to be strongest with celiac dis ease, which is frequently associated with au toimmune thyroid disease. Histologically proven celiac disease affects 3.2%-4.8% of people with autoimmune thyroid disease, compared with 0.4% of the general population. 5 Because the symptoms of celiac disease are often subtle, some authors suggest screening patients who require higher than expected doses of levothyroxine to treat their hypothyroidism with tissue transglutaminase antibodies. 4 The patient's serum TSH levels usually improve after instituting a gluten-free diet for celiac disease or a lactose-restricted diet and lactose-free levothyroxine formulation for pa tients with lactose intolerance. 5 Increased demand for thyroxine Sometimes, despite normal absorption of levothyroxine and lack of interactions between medications, a higher dose is needed to normalize a patient's TSH level. One cause for this increased demand is weight gain. Although the total daily dose of levothyroxine will be higher for people who are obese, the dose per kilogram tends to be lower. 19 A case series of 75 consecutive patients post-thyroidectomy reported an inverse relation between the dose of levothyroxine required to normalize TSH levels and body weight (e.g., for a person with a body mass index [BMI] of 18-28, the required dosage was 2.10 ± 0.31 µg/kg daily; for a person with a BMI > 30, the required dosage was 1.63 µg/kg daily). In a prospective study involving 100 patients post-thyroidectomy, the optimal dose of levothyroxine (in micrograms) could be predicted using a simple formula: dose = weight -age + 125, where weight is measured in kilograms and age is measured in years. 20 In a prospective study involving 20 pregnant women with treated hypothyroidism, an increased levothyroxine requirement of up to 50% started early in the first trimester, peaked midway through pregnancy and remained constant until delivery. 21 Accordingly, women with treated hypothyroidism may need to increase the dose of levothyroxine they are taking to prevent hypothyroidism and its associated adverse outcomes for pregnancy. 22 A pregnancy test should thus be part of the workup for every woman of reproductive age with treatment-refractory hypothyroidism. Although uncommon, the possibility of an analytical error related to interference by heterophilic antibodies during an assay should be considered before proceeding to an exhaustive workup of impaired bioavailability. Case reports describe interference from heterophilic antibodies reacting with monoclonal antibodies in an assay, yielding falsely increased TSH values. 6 Physicians may suspect the presence of these antibodies when escalating doses of levothyroxine raise serum thyroxine levels into the hyperthyroxemic range (i.e., serum free thyroxine > 25 pmol/L) despite elevated levels of TSH. A repeat test for TSH using a different immunoassay will usually clarify this issue. 6 Other causes of treatment-refractory hypothyroidism are more difficult to identify, such as dys function in the hypothalamic-pituitarythyroid axis (e.g., resistance to thyroid hormone) and Addison disease. Glucocorticoid agents normally depress the secretion of TSH, mainly acting at the hypothalamic level; with adrenal insufficiency in Addison disease, secretion of TSH would be disinhibited. Thus, patients with these conditions should be referred to an endocrinologist.
Case revisited
Obvious reasons for our patient's inappropriate elevation of TSH were easily excluded in his history and clinical examination. Following our initial history, we could have proceeded directly to investigating for maldigestion or malabsorption of levothyroxine. Instead, we confirmed poor bioavailability with a test for the absorption of the drug. Although our patient did not complain of dyspepsia, abdominal bloating, diarrhea or weight loss, a search for gastrointestinal disorders yielded elevated antibodies for transglutaminase, and esophagogastroduodenoscopy confirmed gluten-sensitive enteropathy (celiac disease). Because two autoimmune disorders had already been diagnosed in our patient over a span of 15 years, we looked for other components of an autoimmune polyglandular syndrome, leading to a further diagnosis of autoimmune adrenalitis with partial adrenal insufficiency.
Our patient's case shows the importance of a systematic approach to people with treated primary hypothyroidism and persistently elevated serum TSH levels despite adequate levothyroxine replacement.
